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In northern Europe a number of ﬁsh products are prepared in such a way that biochemical and microbial
action can take place. These are complex processes for which there are few available scientiﬁc studies.
This article covers the origin, manufacturing, characteristics, and consumption of traditional fermented
ﬁsh products, including surstr€omming from Sweden, rakﬁsk from Norway, hakarl from Iceland, and the
barrel-salted herring that was commonly produced in most of northern Europe.
Copyright © 2015, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Fish has always been staple food for people in the Nordic
countries but, as the ﬁshing is seasonal, there was a need to store
and preserve ﬁsh through the winter months. Drying is the oldest
form of food preservation and dried white ﬁsh (mainly cod) was
historically the most important food commodity in Norway, both as
staple food and for trade, especially in the coastal regions. More
fatty ﬁsh species, however, such as salmon, trout, charr, and her-
ring, are not very suitable for drying [1].
Use of salt for preservative purposes was known before the
Christian era inwell-developed societies, such as China and ancient
Egypt [2]. The knowledge spread gradually from south to north in
Europe; how fast is uncertain, but probably it did not reach the
north to any large extent until the Viking Age, along with the
extensive trade during this period. Due to long and difﬁcult trans-
portation, salt was expensive and generally scarce, especially in
remote inland areas. Instead of using full-salt preservation (15e20%tute of Food, Fisheries, and
nger, Norway.
a).
titute, Published by Elsevier. This isw/w), people therefore probably experimented using lower salt
concentrations when preparing caught ﬁsh for storing and found
that the procedure sometimes resulted in edible, even tasteful
(although smelly!), and lasting products. The techniques varied
somewhat with regard to salt concentrations, storage tempera-
tures, storage containers, ﬁsh species, and handling. In this regard,
the cured ﬁsh products in mildly salted brine have the same roots,
but the different technologies have resulted in quite different
processes and products.
Fermentation plays an important role inmany parts of theworld
for the production of traditional ﬁsh products. In Southeast Asia,
fermented ﬁsh products have a long history and they are of great
nutritional importance. Fermented ﬁsh is an old staple food in
European cuisines; for instance, the ancient Greeks and Romans
made a famous sauce from fermented ﬁsh called garum [3]. In
northern Europe, only a few traditional fermented ﬁsh products are
still produced. This production relies both on naturally occurring
enzymes (in themuscle or the intestinal tract) as well as bacteria. In
general, the former is most signiﬁcant with respect to changing
texture as well as producing some of the ﬂavor, and the latter aids
the development of aroma and ﬂavor [4]. Unlike the fully fer-
mented Asian products, in northern Europe some degree of pro-
cessing, such as removal of gills and some of the intestinal tract isan open access article under the CC BY-NC-ND license (http://creativecommons.org/
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is considerably lower.
There is also good reason to believe that the general sensory
acceptance of aroma and taste was quite different in former times;
many people found it hard to accept salt during the Middle Ages.
The occurrence of rancid and putrid aroma was a much more nat-
ural part of the daily food, which can explain the occurrence of a
number of dried and fermented ﬁsh products in the Nordic
countries.
From the 19th century, the modern ﬁshery and ﬁsh industry,
with industrial preservation, long-distance food distribution and
the chain of chilling and freezing, with refrigerators and freezers in
every home, has totally changed the handling of all food including
ﬁsh products. The old technologies of drying, fermenting and
smoking ﬁsh catches have more or less disappeared, and few have
survived into the modern supermarkets.
This article will cover four main traditional products: Icelandic
hakarl; Norwegian rakﬁsk; Swedish surstr€omming; and barrel-salted
ripened herring, which is quite common in all of northern Europe.
With the exception of hakarl, all the northern European fermented
ﬁsh products are salted. (See Supplimentary Photographs.)
Gravlax will not be covered in detail. The word gravlax, refer-
enced many times in Swedish writing from the Middle Ages,
literally meaning buried salmon, probably reﬂects the use of the
relatively low but frost-free temperature in the ground [1]. At that
time gravlax was essentially synonymous with rakﬁsk, but the
meaning has since changed. Graving of ﬁsh (or meat) now means a
short-time (few days) marination or curing using a salt-
esugarespice mix, giving a much more perishable product than
rakﬁsk.
The canning procedure, introduced in the 19th century, enabled
some of these products to be distributed and marketed in shops
and stored at home, while traditionally they were stored in large
wooden barrels or smaller 1-L kegs. The food safety and storage
stability of these traditional products can be seen as illustrative of
the so-called hurdle principle, where not one, but a combination of
a number of hurdles for microbial growth, such as pH, salt con-
centration, and Lactobacilli, render the ﬁnal product safe and sta-
ble by inhibiting the growth of microbial pathogens and spoilage
ﬂora.
Common to all these products is the fact that scientiﬁc research
on the process and products is scarce and available literature is hard
to ﬁnd, especially in the English language.
2. Hakarl
2.1. Origin
Fermenting or curing of hakarldGreenland sharkd(Somniosus
microcephalus) has been practiced in Iceland for centuries.
Although there was knowledge from neighboring countries on the
common use of salt for preservation, the production of salt was
difﬁcult in Iceland as there was shortage of ﬁrewood. Other means
had to be found and the traditional food preservation methods in
Iceland were acidifying using lactic acid (milk whey), fermentation
(kæsing) and drying.
Shark is mentioned in the Icelandic sagas, but the references are
not clear on whether the ﬁsh were speciﬁcally caught for con-
sumption or had simply drifted ashore [5]. Shark ﬁshing had
become common in Iceland during the 14th century and at that time
fermented hakarl was an important part of the diet of Icelanders
and continued to be so for centuries.
Shark liver oil played an important role in the economy of Ice-
land as an export item and the fermented meat was part of the
staple diet; often consumed with other foods such as dried ﬁsh(stock ﬁsh), bread, and rye cakes or simply eaten on its own. The
fatty brown meat from the belly ﬂaps (glerhakarl) was sliced thinly
and used as butter. The cartilage or gristle was also used for food,
commonly as hash with some shark ﬂesh, but it needed a lot of fat,
mainly tallow. In general, all parts of the shark were utilized largely
as food, e.g., the eggs and intestines. The skin was commonly used
for making shoes but in tough times it was boiled and eaten [5].
Shark ﬁshing reached its peak in the 17th and 18th centuries,
probably due to the strong demand for shark liver oil, which was
used for lighting lamps in Europe, but ﬁshing continued well into
the 20th century [5].
2.2. Process
For fermenting, the shark was ﬁrst cut into pieces or chunks,
washed with seawater, and placed in gravel pits often close to the
sea so the seawater ﬂooded over the ﬁsh at high tide; the ﬁsh was
buried by covering the pits with stones, seaweed, or turf and left for
several weeks or months [5]. Nowadays the shark chunks are
allowed to ferment outdoors in closed containers and the liquid
drains off through holes in the bottom of the containers. The
fermentation may take 3e6 weeks depending on the temperature
and during which season the ﬁsh is caught. After the fermentation
period, the shark chunks are cut into smaller pieces, washed and
dried in drying sheds commonly called hjallar. The drying period
varies from several weeks to months depending on the weather
and time of year but also onwhich parts of the shark are used. Only
after burying and drying is the hakarl considered edible.
Although the fermentation is very traditional and the cured
meat used to be an important part of the diet of Icelanders, only one
study has been carried out on the fermentation of hakarl in recent
years [6]. The study showed that during the shark fermentation (35
days) the total bacteria count increased greatly with Moraxella/
Acinetobacter groups predominating, along with Lactobacillus. The
total number of bacteria at the end of the fermentation reached 108/
g. Urea in the hakarl was converted into ammonia by bacterial
ureases with consequent increase of pH: from about 6 in the fresh
shark to 9 in the fermented/dried ready-to-eat product. Trime-
thylamine (TMA) N-oxide was also broken down to TMA by the
bacteria. The same study showed that during the drying period (70
days) the total number of bacteria decreased and the level of
ammonia and TMA diminished somewhat. The dry matter
increased during the fermentation from 25.5% to 30.3%, but espe-
cially during the drying period and was 64.5% in the ﬁnal ready-to-
eat product [6].
Skate (Raja batis: a cartilaginous species) is traditionally pro-
cessed in Iceland in a similar manner to that of hakarl by placing it
in a pile and allowing it to cure or ferment for a period of a few days
to few weeks. In a recent study on the curing of skate similar mi-
crobial and chemical changes to that of shark fermentation were
observed [7]; a pH shift from 6.6 to 9.3 and excessive levels of TMA
of up to 75.6 mg N/100 g and total volatile nitrogen of 706 mg N/
100g during the 9-day curing process. Reynisson et al [7] concluded
that curing of skate was controlled by a dynamic bacterial com-
munity where the key players belong to Oceanisphaera, Pseu-
doalteromonas, Photobacterium, Aliivibrio, and Pseudomonas.
Chemical analyses of various samples of fermented hakarl show
that the composition varies considerably, depending on the pro-
cessing, processor, and from which part of the shark the meat
originates. White meat originating from body parts of the shark
(skyrhakarl) in general contains more water and ammonia and less
fat than the brown shark meat (glerharkarl), which originates from
the belly ﬂaps. The average chemical composition was found to be:
31.6% water, 44% fat, 24.8% protein, 1.4% salt, 1.7% ash, and 0.7%
ammonia [8].
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Fresh shark meat is considered poisonous although the speciﬁc
poison(s) have not been identiﬁed [8,9]. During the past centuries
some incidences were recorded in Iceland, in which people were
taken ill (e.g., from dysentery) sometimes fatally, after consuming
fresh or too lightly fermented shark [5]. In Greenland, toxic effects
have been observed in dogs after ingesting shark ﬂesh [10]. Shark is
a cartilaginous species and contains high amounts of urea in its
tissues and high levels of TMA N-oxide [11]. Post mortem, these
compounds are broken down to form ammonia and TMA and they
and their precursors, may as such be harmful if consumed in large
quantities. Anthoni et al [10] suggested that the poisoning from the
ﬂesh of Greenland shark may be due to TMA. The source of shark
poisoning in former times in Iceland may also have been caused by
consumption of the liver, which contains high levels of vitamin A,
overdoses of which can lead to toxic effects. The sharkwas often the
ﬁrst fresh product available after long, hardwinters, when foodwas
scarce, and it is likely that all edible parts of the ﬁsh were eaten,
including the liver. Neurotoxins should not be ruled out and such
toxins have been isolated from shark liver believed to be the cause
of mass poisoning in Madagascar following the ingestion of a single
bull shark (Carcharhinus leucas) [12]. Another concern is related to
the level of mercury, which has been found to be high in the fer-
mented products at about 1.6e2.7 ppm [8].
The fermentation of shark renders a potentially harmful raw
material (fresh shark) into a nutritious food product; in such a way
that the ﬁnal ready-to-eat product can be stored for long periods
(up to several years), without spoilage due to the high pH and low
water activity.
2.4. Consumption traditions
The fermented hakarl was in former times an important source
of protein, energy, and nutrition for Icelanders but is now
consumed as a delicacy, mainly by the older population, and as an
important part of the traditional food mainly eaten during Thorri
(late January until latter part of February). It is also an item of cu-
riosity for visiting tourists. The ﬁnal ready-to-eat product has a soft
texture, whitish, almost cheese-like appearance, a pungent
ammonia smell, and a strong ﬁshy taste, which many people un-
familiar with the product dislike. Today the product is often served
in small cubes accompanied with a shot of caraway-ﬂavored
schnapps (Brennivín). In 2014 the landed catch of shark in Iceland
was 60 tons, about 6 tons in 2013 and 19 tons in 2012 [13]. The
annual consumption is believed to be about 20 tons.
3. Rakﬁsk
3.1. Origin
The term rakﬁskwas ﬁrst mentioned in writing in 1348, but this
technique of preserving ﬁsh was most probably known long time
before that. The word rak is most probably derived from the Old
Norse word rakr, meaning moist or wet, reﬂecting the way of
storage/preservation, which is wet, as opposed to dry. Fisk of course
means ﬁsh.
The core geographic area for rakﬁsk is a belt in inland Norway,
stretching in a south-west direction from western mid-Sweden
[14]. Although some kind of rakﬁsk production may have been
used throughout Norway, it was perhaps in these inland areas that
the preservation of food through the winter season was most
important and where salt availability tended to be low. Hence, the
tradition grew strongest here and among the important sources of
food in this area were freshwater salmonid ﬁsh such as trout orcharr. A product reminiscent of Swedish surstr€omming, half-salted
herring, more common in coastal areas, almost disappeared in
the 19th century, probably due to a misdirected suspicion that it
could cause leprosy [14]. This also contributed to rakﬁsk developing
into a typical inland tradition.
The temperature used for rakﬁsk production, 3e7C, reﬂects the
way controlled temperature storage of food was obtained before
the advent of refrigeration, i.e., using the relatively stable and low
(but frost-free) temperature in the ground. The maturation of rak-
ﬁskwas done by storing wooden kegs or barrels in dug holes in the
ground, or in properly dug cellars.
3.2. Process
Rakﬁsk is currently produced from salmonid freshwater ﬁsh,
mainly lake trout and some arctic charr. The production is based on
mild salting of the gutted ﬁsh and layering the ﬁsh (belly up),
preferably under pressure, in tight containers, stored at low tem-
peratures (3e7C) for 3e12months. During storage a fermentation/
ripening takes place. Spontaneous brining occurs after dry salting
or the salting may be performed using premade brine. In both
cases, the ﬁsh is totally submerged in the salt brine during the
storage/maturation period. Salt concentration in the brine (and in
the ﬁsh after equilibration) is 4e6% (w/w).
Two Norwegian researchers, Schmidt-Nilsen and Bøhmer [15]
described some of the microbiological and chemical characteris-
tics of rakﬁsk production. Based on pH measurements, salt content,
and some microbiological, chemical, and sensory analyses, carried
out in samples from a few producers in the rakﬁsk heartland, they
conclude that the process is dual in its nature. It is a combination of
autolytic processes by ﬁsh enzymes (proteolytic and lipolytic) and
microbiological activity, especially acid producing bacteria. The
autolytic process is active at temperatures down to 0C, when the
bacterial activity is rather limited. However, at higher tempera-
tures, 5e10C, fermentation by bacteria is a dominant feature of the
process. The authors also state that it is possible to control the
process by salt concentration and temperature, which is still
assumed to be the case.
Further research on the product was not performed until the
1980s, when the focus shifted to hygienic and food safety aspects,
since rakﬁsk had fallen into disrepute due to cases of botulism. Kjos-
Hansen [16] described the process with respect to the risk of
contamination and growth of Clostridium botulinum concluding
that as long as strict hygienic practice is used, e.g., no contact with
soil, proper gutting and cleaning practice, clean equipment, and
control of salt (not lower than 5%) and temperature (not above
10C), rakﬁsk is safe with regard to botulism. This study also
showed that Lactobacilli are the dominant microorganisms in a
standard rakﬁsk process (i.e., trout as raw material, temperature
5e10C and 5e6% salt), and that the pH initially drops from around
6.5 to 4.5 in the brine, but rises again towards the end of the pro-
cess. In rakﬁsk production with relatively high temperatures
(7e8C), and low salt concentrations (4e5%), Axelsson [17] deter-
mined that lactic acid bacteria (LAB) are few in numbers in the raw
material, but start growing after brining occurs and quickly be-
comes the dominating bacterial group. The lactic fermentation is
ﬁnished after approximately 4 weeks and the numbers in the brine
reach 108e109 bacteria/mL at that point and stay almost at this
level further through the process. Few LAB are able to grow under
these quite selective conditions (high salt, low temperature). One of
them is Lactobacillus sakei, which is the most common LAB in
standard rakﬁsk production. L. sakei produces lactic acid and may
produce minor amounts of certain aroma compounds, but is not
known to secrete protein or lipid degrading enzymes. Since the
product needs at least 9e10 weeks more of ripening before it
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ably only sets the stage and the ﬁnal maturation is rather obtained
through the autolytic process already suggested by Schmidt-Nilsen
and Bøhmer [15], i.e., by enzymatic activities originating from the
ﬁsh itself, although the details are not clear.
A more recent project includes a more thorough study at the
microbiota in rakﬁsk brine using culture-independentmethods and
using a more diverse selection of products [18]. This study conﬁrms
that LAB, most often L. sakei, tend to be the dominating bacteria in
the rakﬁsk process when production is done using relatively high
temperatures (5e7C) and the salt concentration is around 4e5 %.
The pH drop was less dramatic than described by Kjos-Hanssen
[16], unless small amounts of sugar (0.2e0.4%) were used. Some
producers use temperatures of 3e4C and higher salt concentra-
tions, approximately 6%, in which the growth of bacteria generally
is slower and LAB, although present, tend not to be dominating.
Instead, other psychrotrophs and salt-tolerant groups of bacteria
dominate, e.g., species of the genus Psychrobacter. The fact that the
product anyway eventually matures into a product with typical rak
attributes, may suggest that the autolytic activities over time are
the major contributors to these attributes, rather than the bacterial
fermentation, which partly conﬁrm the notions of Schmidt-Nielsen
and Bøhmer [15]. As with most of these traditional fermented
products, however, it is very difﬁcult to ascertain the actual quan-
titative roles of bacterial aroma and acid production, bacterial
enzymatic activity, and ﬁsh enzymatic activity for the ﬁnal char-
acteristics of the product.3.3. Food safety
The earliest documented outbreak of botulism in rakﬁsk was in
1831 [19]. Since 1970 there have been four documented outbreaks
affecting some 20 persons, with the last reported outbreak in 2003.
As observed by Kjos-Hansen [16], only rakﬁsk produced in private
homes and with clear breaches of accepted principles (e.g., too high
temperatures) has been the source.
Most food safety concerns with regard to rakﬁsk have recently
been directed towards avoiding Listeria monocytogenes and
although it has been detected from time to time, only one docu-
mented outbreak of listeriosis illness has occurred. Rigorous hy-
giene and correct handling of the raw material are essential for
avoiding L. monocytogenes and studies also indicate that using low
ripening temperatures (< 5C) results in essentially no growth,
although conditions are not inhibitory in theory [20].3.4. Consumption traditions
Rakﬁsk is regarded as a Norwegian specialty, commonly eaten
from late fall and through the Christmas season. The seasonal
tradition for consuming the product stems from the ﬁshing of the
trout or charr, which traditionally takes place during the late
summer. The caught ﬁsh was prepared for rakﬁsk and was thus
ready in the late fall and for Christmas. Although at present, most
producers use farmed ﬁsh and are somewhat independent of this
seasonal ﬁshing, the seasonal tradition for consumption prevails.
Rakﬁsk is manufactured in a traditional, artisanal and localized
manner and is known for its characteristic taste, odor and some-
what spreadable texture. The taste, smell, and spreadability in-
crease with the ripening time. Rakﬁsk is usually served uncooked as
ﬁllet pieces with lefse (Norwegian soft ﬂatbread), butter, onions
and/or leek, sour cream, and potatoes as well as beer and akvavit
(Scandinavian ﬂavored spirit). Rakﬁsk is in a trend of increasing
popularity in Norway as a delicatessen food and the annual pro-
duction is approximately 400 tons.4. Surstr€omming
4.1. Origin
The name surstr€omming originates from the combination of
sur (in English: sour or acidic), which can be related to the lactic
acid formation, and strømming, which is the local name for Baltic
herring caught in the northern regions of the Baltic Sea. The
process may have been developed in order to keep relatively
large catches, for as long as possible, with as little salt as possible.
The process was already known, but became increasingly popular
in periods with trade embargos and limited salt supply (ﬁrst
1520e1530). In some regions of Sweden, surstr€omming was a
staple food and it was supplied as army rations in the 17th
century.4.2. Process
The raw material is freshly caught Baltic herring (Clupea hare-
ngus var. membras) caught just prior to spawning from May until
the ﬁrst week of July [21]. The fat content of the herring at this time
is rather low. The process starts with presalting of the herring for
1e2 days in saturated salt solution with continuous stirring for the
ﬁrst 4 hours. After the presalting, the herring is deheaded and
gutted (gonads and pyloric ceca are not removed), put into barrels
with a weaker brine (17% salt). After sealing, the barrels are rotated
occasionally for the ﬁrst 3 days and then put into storage. The
barrels are stored at 15e18C for 3e4 weeks. This process is
accompanied by formation of gases that escape from between the
barrel staves. When the fermentation is ended, the herring is
transferred to cans together with brine from the fermentation
barrels.
Chemically, the fermentation process starts with the normal
post mortem processes in the ﬁsh, formation of lactic acid due to
anaerobic situation in the muscle tissue, continued by autolysis of
proteins and lipids, followed by establishment of a fermentative
microbial ﬂora; many autolytic enzymes are found in the muscle
tissue (calpains, cathepsins, proteasomes with caspase, etc.);
another important source of autocatalytic enzymes is the pyloric
ceca in the gut [22,23]; together with bacteria, pungent smelling
acids are formed in the ﬁsh such as propionic acid, butyric acid, and
acetic acid. Hydrogen sulﬁde is also produced. The salt increases the
osmotic pressure of the brine above the zone where bacteria
responsible for rotting (decomposition of proteins) can thrive and
prevents decomposition of ﬁsh proteins into oligopeptides and
amino acids. Neither indole, skatole, putrescine, nor cadaver-
inedotherwise typical for rotting processesdhave been detected
[21].
Canning takes place at the beginning of July and for 5 weeks
thereafter. Ten days prior to the premiere (in August), the ﬁnal
(canned) product is distributed to wholesalers. Fermentation con-
tinues in the can and within half a year or so, gases have built up
sufﬁciently for the once ﬂat tops of the cylindrical tins to bulge into
a more rounded shape. Kobayashi et al [24] identiﬁed the effective
microbes in surstr€omming fermentation to be species of strictly
anaerobic halophile bacteria, Haloanaerobium, being responsible
for the in-can ripening. These bacteria produce carbon dioxide and
a number of compounds that account for the unique odor: pungent
(propionic acid), rotten-egg (hydrogen sulﬁde), rancid-butter
(butyric acid), and vinegary (acetic acid).
These unusual containers of surstr€omming can be found today in
supermarkets all over Sweden. Surstr€omming typically contains
11.8% protein, 8.8% salt, and 3.8% fat [25]. The current annual pro-
duction is approximately 600 tons.
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Due to the fermentation process, the microbial ﬂora is
controlled by lactobacilli. The origin of these is most probably the
barrels. When using sterilized vessels there is no development of
the typical surstr€omming ﬂavor. The Swedish national Food Agency
conducted trials in the 1970s by adding known food pathogens
such as Staphylococcus aureus, Bacillus cereus, and Clostridium per-
fringens to surstr€omming, but none of these microorganisms could
be shown to grow in surstr€omming, thus indicating that there is an
efﬁcient barrier towards growth of unwanted bacteria in
surstr€omming. Clostridium botulinum and Listeria monocytogenes
have not been tested, but the salt content of surstr€ommingmakes it
very unlikely that they should be able to grow [26]. Model exper-
iments with various strains of Lactobacilli, indicate that they
establish a stable and safe microbial situation, due to inhibition of
both pathogens and spoilage ﬂora. They also seemed to contribute
to lipid stability by inhibiting development of rancidity, which
otherwise is a great cause of rapid quality deterioration in fatty ﬁsh
products.
A recent investigation of quality parameters of salted and fer-
mented ﬁsh products in relation to food safety [27], found levels of
histamine 25e80 ppm in surstr€omming, but no pathogenic bacteria.
The TMA level was approximately 35 mg/100 g, the pH 7.1e7.4 and
the water activity 0.90e0.91.
Currently, however, there are issues related to dioxin content in
Baltic Herring [28,29] and hence also in surstr€omming. The Swedish
National Food agency recommends pregnant women to consume
surstr€omming only 2e3 times per year [30].
4.4. Consumption traditions
Surstr€omming is often eaten with a kind of bread known as
tunnbr€od (thin bread). This thin, either soft or crispy bread (not to
be confused with crisp bread) comes in big square sheets when
crisp or as rounds of almost a meter in diameter when soft.
The custom in H€oga Kusten (The High Coast), the area of
northern Sweden where this tradition originates, is to make a
sandwich, commonly known as a surstr€ommings-kl€amma, using
two pieces of the crispy kind of tunnbr€od with butter, boiled and
sliced or mashed potatoes topped with ﬁllets of the ﬁsh together
with ﬁnely diced onions. Surstr€omming is usually served as the
focus of a traditional festivity, a surstr€ommingsskiva (surstr€omming
party), accompanied by schnapps and light beers.
5. Barrel-salted ripened herring and sprats
5.1. Origin
The use of herring (Clupea harengus) in the Norwegian diet can
be traced back more than 1,000 years. From excavations, remains of
herring bones indicate its importance as a food source. Legislation
from the 12th century describes the legality of herring ﬁshery on
every day of the weekdincluding Sundaysda dispensation given
by Pope Alexander III (1159e1181) [31]. This could be attributed to
seasons and irregularity; herring would be absent for long periods
(years), and reoccur, as it is also described in the early sagas. During
catch seasons it would be available in vast amounts, which led to a
need for preservation, not only on shore but also at sea [32].
Due to the lack of salt sources, the initial preservation approach
in northern Europe was drying. However, with emerging trade salt
became available. The salting of herring was probably ﬁrst prac-
ticed in Scotland in the 8th century [32]. Salting of herring in barrels
is a traditional preservation process that has been a common
practice in Norway since the 15th century [31]. In the 16th century,the Dutch took over the trading of ﬁsh in Norway from the
Hanseatic League, who also lost their monopoly on the salt trade in
Norway [33]. The addition of brine to the barrels was a lesson
learned from the Dutch as was the development of less salted
products, which started in the 19th century.
Traditionally ripened herring (Gammeldags modnede sild) is now
a protected product in Denmark, and the food authorities check
that the rules of preparation are kept. The alternative to the tradi-
tional process with intact intestines, is salting of ﬁllets which can be
produced either in barrels, similar to the traditional process, or in
tubs with acetic acid. The latter takes less time to ripen and both are
cheaper to produce, but differ from the traditionally ripened both in
taste and texture.
5.2. Process
Traditionally, the raw material for spice-salted herring has been
different stocks of herring: Icelandic summer spawning; Norwe-
gian spring spawning; local stocks (Fjord herring); and Baltic her-
ring. In addition sprats (Clupea sprattus) have been, and still are
used for some special products called anchovies. Currently, how-
ever, the raw material is mainly small size Norwegian spring-
spawning herring, caught in October and November.
For the traditional process, deheaded herring (100 kg) are put in
plastic barrels (typically 120 L) with salt (15 kg), sugar (6e7 kg) and
sometimes spices (2 kg) [34,35] and kept for 3e6 months at refrig-
eration temperatures. During the ﬁrst days a brine is formed, and
some kind of mechanical movement is required during the 1st week
in order to redistribute this brine in the barrel to avoid dry zones and
oxidation. Nowadays the salting/ripening process is important not
so much to preserve the ﬁsh but to produce a well-ripened product
with a tender consistency and a pleasant taste and odor.
Although salting of herring is traditional, knowledge about the
changes that take place in the ﬁsh during the ripening stage is still
limited. The initial stage is the salting, characterized by salt uptake,
water and weight changes [36e38], ends when the concentration
of the salt in the tissues equals that of the surrounding brine. The
subsequent ripening stage consists of (bio)chemical and physical
changes that alter the characteristics of the muscle tissue and thus
the sensory properties of the ﬁsh. Muscle proteins are broken down
thus producing low molecular weight compounds, e.g., peptides
and amino acids [39,40]. The texture of the ﬁsh becomes softer and
more tender during the ripening and a pleasant (ripened) taste is
formed [41].
The role of microorganisms in the ripening has been investi-
gated. The original psychrophilic and proteolytic ﬂora [42,43] is
changed with the addition of salt, and the obligatory or facultative
halophilic bacteria [44] micrococci, Gram-positive rods and yeasts
develop to become dominant, although at low number, until the
ﬁsh is ripe. Experiments with added antibiotics, formaldehyde, and
gamma irradiation have been made to establish the signiﬁcance of
the bacteria to the ripening of anchovies. The effects of removing
the bacteria seemed minor [21], leading to the conclusion that the
ripening is caused mainly by enzymes. The origin of the enzymes
that are important for the ripening is still not clear. Endogenous
proteolytic enzymes from the internal organs of the herring are
considered to be of prime importance but enzymes from muscle
tissue may also be important [32,35,39]. Studies have shown that
herring that has been thoroughly cleaned of intestines ripens
slowly and does not acquire the characteristic taste [32,45].
After the barrel ripening, the herring is ﬁlleted and packed in
vacuum packages or in sweet brine glass jars or they can be sliced
into thin slices (tidbits) and packaged inmetal cans. The production
of canned herring products dates back to 1841, when the ﬁrst
canning factory was established, principally for the manufacture of
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agents, these products are shelf stable for a number of months at
refrigeration temperature, but the ripening process continues even
after packaging, and affects both taste and texture.
5.3. Food safety
Scombroid poisoning (scombrotoxicosis) is a worldwide prob-
lem of food borne intoxication caused by the consumption of sea-
food containing large quantities of histamine [46]. Historically the
formation of histamine has been associated with salted herring.
Langmyhr and Tertnes [34] studied the formation of histamine as
function of raw material freshness and salt content. These authors
found low levels of histamine in salted, fresh herring. In spoiled
herring, however, levels of histamine were high already 1 day after
salting. Furthermore it was seen that less histamine was formed in
heavily salted herring (> 20 kg salt per 100 kg herring) than in
sugar salted and spice salted (less salt).
5.4. Consumption traditions
The northern European production of ripened herring is mainly
used for herring delicacies. The main market for the traditionally
ripened product is currently Denmark, with the main consumption
related to holidays (Christmas, Easter, and Midsummer). The
traditionally ripened products are served with eggs and in different
sauces as condiments for sandwiches, often as part of a herring
feast, which also includes beer and schnapps. Or they can be served
with boiled potatoes, dill, raw onions, sour cream, and beets, as a
lunch or dinner. The combination with potatoes is believed to have
been a very important staple food for the population in northern
Europe for centuries. With increasing wealth, however, different
preferences developed. The tradition of using herring for a main
meal has almost disappeared and the herring consumption is
currently rather low.
6. Market aspects and future trends
The current situation in the northern European market for ﬁsh
products is dominated by two main phenomena; the authorities
recommend and the market demands less salt. Furthermore, the
younger generations prefer less taste and Japanese-style raw ﬁsh
such as sushi and sashimi is becoming increasingly popular. Com-
bined, these do not favor the traditional fermented products. They
are both salty and/or strong tasting. Most of the fermented prod-
ucts are highly seasonal and the production/consumption is quite
low.
In northern Europe, both salted ﬁsh products as well as tradi-
tional fermented products are generally popular with adults (age >
40 years). There is, however, an increasing interest in locally pro-
duced traditional food, so production volumes of the traditional
fermented products have remained stable or slightly increased
during the last few years. Aspects that may further help this
development could be related to the documentation of potential
health beneﬁts of these products, e.g., related to their contents of
biologically active peptides.
Although the process control has improved, there have been few
efforts to further develop products based on the traditionally fer-
mented ones, similar to that presented by Burgess [47]. The use of
technology and bacterial cultures from the meat sausage industry
has been explored by Nordvi et al [48,49] to produce a fermented
and dried saithe and salmon product. However, this approach has
not been commercialized.
Although the production of the traditionally fermented ﬁsh
products in northern Europe has been standardized and is currentlyhandled by only a few produces, it is still based on a limited sci-
entiﬁc knowledge of the processes. The interactions between en-
zymes in muscle and intestines, as well as a complex microﬂora
have proven difﬁcult to characterize in detail. Modern analytical
tools for characterizing protein degradation and bacterial cultures
as well as texture and taste development could be used to sub-
stantially improve this knowledge. Furthermore, the use of
nondestructive spectroscopic techniques could be used for process
monitoring [50]. A deeper knowledge of the autolysis and
fermentation might give basis for better control and eventually an
introduction of bacterial starter cultures for controlled fermenta-
tion, and also new product types.Conﬂicts of interest
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